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Introduction: To identify health hazard behaviors and provide a basis for targeted management and intervention for patients with hypertension, we classified their health-related behaviors.

Methods: A multi-stage random sampling method was used to conduct an on-site questionnaire survey among residents aged ≥15 years in a certain urban area of Taiyuan City, Shanxi Province, China. A latent class analysis was used to classify the lifestyle behaviors of patients with hypertension. The lifestyle behavior characteristics of different types of patients with hypertension and their awareness of hypertension were assessed.

Results: The prevalence of hypertension in Taiyuan City was 19.5%. Patients with hypertension were classified into three clusters according to their lifestyle patterns: smoking and drinking (13.35%), excessive edible oil and salt intake (68.27%), and healthy behavior (18.38%). Comparing the three latent classes of lifestyle, the distribution of age, sex, marital status, and education level was different (P < 0.05). The awareness of hypertension and the rate of control among the three classes were also different (P < 0.05).

Conclusion: The lifestyle behaviors of patients with hypertension have evident classification characteristics. Approximately two-thirds of the patients with hypertension have an excessive intake of oil and salt. Therefore, targeted and precise intervention measures should be taken to control the intake of oil and salt in this cohort.
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INTRODUCTION

Hypertension is one of the most important risk factors for stroke, heart disease, and kidney disease and is a major risk factor for premature death. Between 1990 and 2015, the loss of Disability Adjusted Life Year (DALY) associated with a systolic blood pressure of ≥140 mm Hg increased from 95.9 million (95% uncertainty interval, 87.0–104.9 million) to 143.0 million. It is estimated that approximately one-quarter to one-third of the world's adult population suffers from high blood pressure, and the number of patients suffering from it is 1 billion. This global increase was attributed to increasing age, Western eating habits, and obesity caused by sedentary and insufficient activity (1–4). In 2010, the total number of deaths in China caused by hypertension was 2.043 million, and 64.0% of all deaths caused by cardiovascular diseases were caused by hypertension (5). The ultimate goal of treatment strategies is to reduce the rates of cardiovascular mortality and morbidity related to chronic hypertension (6).

Hypertension is closely related to genetics and lifestyle behaviors. Although hypertension can be effectively controlled with drug therapy, another important means to reduce the risk of diseases can also be through the intervention of lifestyle behaviors (7–9). Regardless of the individual's genetic predisposition, adopting a healthy lifestyle can offset the genetic risk of high blood pressure and have a beneficial effect on reducing blood pressure and cardiovascular risk (10–12). A large number of studies have clearly confirmed that high sodium intake, a low potassium diet, being overweight, and obesity were important risk factors for hypertension in Chinese individuals (13, 14). With the yearly increase in the prevalence of hypertension, planning effective targeted measures for intervention in people with hypertension is a major problem in public health.

Many scholars have researched the precise intervention of hypertension in special populations from the perspective of lifestyle behaviors. For example, adopting a low-risk diet and lifestyle factors may prevent a large proportion of new-onset hypertension in young women (15). In middle-aged patients with hypertension, regular participation in physical activities will not only lower static blood pressure, but also weaken the response of blood pressure to all kinds of stressors (16, 17). Given the many influencing factors of lifestyle behaviors, whether the population with hypertension have certain category characteristics should be explored. This is an important breakthrough in controlling the prevalence of hypertension and reducing the hidden health hazards caused by hypertension. Effective targeted interventions should be adopted based on behavioral category characteristics.

There were a large number of traditional clustering research methods to explore the common characteristics of people with hypertension, however, these methods were suitable for continuous variables, such as general cluster analysis and factor analysis. Some studies pointed out that Latent Class Analysis (LCA) was suitable for discrete and binary classification, which is a more efficient way to explore healthy behaviors (18, 19). Latent class analysis is a data-driven analysis method that divides heterogeneous populations into homogeneous groups based on categorical indicator variables. A limited number of exclusive individual categories, classified as latent variables, are considered to constitute this class (20, 21). It can provide information on chronic disease intervention by classifying healthy behaviors and exploring the population's common characteristics.

Therefore, this study analyzed lifestyle behaviors related to hypertension to explore the different behavioral characteristics of the population based on the method of latent class analysis. The study also identified the key behavioral problems and focus groups of hypertensions. It could provide a scientific basis for precise intervention in the population with hypertension and effective prevention in healthy people.



MATERIALS AND METHODS


Participants

The survey was conducted in 2019 in Taiyuan City, Shanxi Province, China. We found that 1% of the permanent population in an urban area was randomly selected using a multi-stage random sampling method. First, 13 streets were randomly selected from the 14 streets in the city's administrative divisions, from which 3–4 communities were randomly selected. Second, 100 households with two people in each household in each community were randomly selected. Finally, 6,823 permanent residents over 15 years of age were investigated, and 1,333 patients with hypertension were identified by testing their blood pressure three times on different days. All participants provided written informed consent. Ethics approval was granted by the Research Ethics Committee.

Inclusion criteria: Subjects who (1) were aged 35 and over; (2) were conscious, without cognitive impairment or mental illness; (3) were clearly informed of the purpose and significance of the study by the investigator; (4) were willing to cooperate and able to complete the survey; (5) had lived locally or were living locally for 6 months or more as of the date of investigation. The exclusion criteria included (1) those with critical diseases who were unable to complete the questionnaire; (2) obvious cognitive impairment or mental illness; (3) poor compliance and non-cooperation.



Procedures

The patients were investigated uniformly by trained investigators using face-to-face questionnaire surveys. The content mainly included basic demographic factors (sex, age, educational level, marital status, family history, occupation), physical measurements (height, weight, blood pressure), health behaviors, awareness of hypertension, and occurrence of cardiovascular events (stroke, myocardial infarction, coronary heart disease). According to the “Guidelines for the Prevention and Treatment of Hypertension in China 2018,” patients with systolic blood pressure≥140 mm Hg and/or diastolic blood pressure≥90 mm Hg without taking antihypertensive drugs are considered hypertensive; systolic blood pressure is 140–159 mm Hg and/or diastolic blood pressure is 90–99 mm Hg is first-level hypertension; systolic blood pressure is 160–179 mm Hg and (or) diastolic blood pressure is 100–109 mm Hg is second-level hypertension; systolic blood pressure≥180 mm Hg and (or) diastolic blood pressure≥110 mm Hg is third-level hypertension. The awareness rate of hypertension was defined as the proportion of people who had been diagnosed with hypertension and knew that they had hypertension before the investigation. The treatment rate of hypertension was defined as the proportion of those diagnosed with hypertension and taking antihypertensive drugs in the past 2 weeks.

For daily oil and salt intake, we adopted the 3 day (including 1 Saturday or Sunday) 24-h dietary review method, combined with household weighing and bookkeeping to obtain the consumption of 3 day salt and oil in patient households. The sodium intake of all foods and condiments eaten by the patients in 3d was calculated according to the sodium content of various foods in the China food composition table 2002, and then converted into sodium chloride [(sodium intake/23) × 58.5] as salt intake (22, 23).



Lifestyle Behaviors

According to previous studies, these behaviors were chosen as the explicit variables for model fitting, including smoking, drinking, intake of salt and oil, frequency of eating vegetables and fruits, exercise, and overweight or obesity. Considering that regular physical examination plays a key role in the early detection and prevention of cardiovascular disease, physical examination was included in the model fitting, with a total of nine variables.

Smoking refers to smoking at least 1 cigarette per day and lasting for at least 1 year. Drinking refers to drinking at least once a week and drinking continuously or cumulatively for over 6 months. Participating in physical examination refers to having received a comprehensive physical examination in the past 2 years. The determination of excessive intake of edible salt and oil is based on the standards of the “Chinese Residents Dietary Guidelines 2016.” Adults consume >6 g of salt per day, and edible oil weighing >30 g is considered excessive. Participating in the physical exercise refers to doing jogging and brisk walking at least once a week and lasts for ≥10 min each time. Regular consumption of fruits and vegetables refers to eating fruits and vegetables ≥5 days a week. Overweight or obesity refers to body mass index (BMI) ≥24 kg/m (2). Awareness of hypertension is determined on whether self-reported hypertension and the question: “Have you been diagnosed with hypertension by your doctor?” Figure 1 shows our study flowchart.


[image: Figure 1]
FIGURE 1. Study flowchart.




Data Analysis

Statistical analysis, including the chi-square test, multivariate logistic analysis, and multiple effect analysis, was performed using SPSS 25.0. The Mplus8.0 statistical software was used to analyze the behavior latent classes. The Pearson's test, likelihood ratio chi-square test, Akaike information criterion (AIC), and Bayesian information criterion (BIC) were information evaluation criteria. Among them, AIC and BIC are the most widely used indices in Latent Class Analysis (LCA) selection (24). They are based on the likelihood ratio chi-square test and can be used to compare models with different parameter restrictions. A smaller value represents better model fitness. Lin and Dayton (25) pointed out that the BIC index is more reliable when the sample size exceeds 1,000, otherwise, the AIC is better. If the significance of LMR is <0.05, it indicates that the k class solution is significantly better than the k-1 class solution. Furthermore, entropy was also used as an important criterion to choose the best model: it ranges from 0 to 1, with higher values indicating a better fit (23–25).




RESULTS


Social and Demographic Characteristics of the Patients

Altogether, 6822 permanent residents aged ≥15 years were investigated. Among them, 1,333 patients with hypertension were detected, including 653 men (48.99%) and 680 women (51.01%). 876 (65.71%) had junior high school education or lower; 306 (23.0%) had high school/technical school/technical secondary school, and that of junior college education and bachelor's degree or higher were 7.1 and 4.2%), respectively. Seven-hundred and fifty-four cases (56.6%) aged 65 and above. One thousand and eighty-two cases (88.67%) were married, and 127 cases were divorced or widowed (9.52%).24 cases were unmarried (1.80%).



Prevalence of Hypertension

The survey found 1,333 patients with hypertension, with a prevalence of 19.5%, of which 1,094 patients (82.07%) had first-level hypertension, 207 patients (15.53%) had second-level hypertension, and 32 had third-level hypertension. The awareness rate of hypertension was 53.38%, and the treatment rate was 47.71%. The prevalence of stroke and coronary heart disease was 6.45%, and that of myocardial infarction was 1.12%.



Latent-Class Findings

We attempted to fit the latent class model on a scale from 1 to 5. For each potential category model, the G2 (2), AIC, and BIC were calculated. According to the BIC, when the number of categories is three, the BIC value is the smallest (BIC = 11701.363), and the LMR value is <0.05. Although entropy (0.771) is the most ideal when the category number is four, the LMR value is inferior when the number of categories is 3. The optimal model with three potential categories was chosen for a comprehensive consideration of various indicators (Table A1).

Next, the patients with hypertension were classified according to the common characteristics of lifestyle behaviors in the three potential categories. Through parameter estimation, the conditional probability and potential category probability results of each of the nine items can be obtained. Class 2 had the largest proportion (68.2%), followed by Class 3 (18.4%) and Class 1 (13.4%). It can be seen from the conditional probability that the class 1 patients were more inclined to answer “Yes” on the questions on smoking or drinking, so class 1 was named the smoking and drinking group. The patients in class 2 tended to answer “Yes” on the question of whether their intake of edible oil and salt exceeded the standard, so they were named excessive edible oil and salt intake group. The class 3 patients in the nine items of lifestyle behaviors were more inclined to answer positive options, so they were named the healthy lifestyle behaviors group. There were 178, 910, and 245 people in the three classes, respectively. The prevalence of the patients in each latent class and item-response probability were shown in Figure 2.
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FIGURE 2. Latent class analysis profile pilot: the conditional probability distribution of nine lifestyle behavior.




The Characteristics of the Three Latent Classes in Patients With Hypertension

The differences in the distribution of demographic factors such as age, sex, education level, and marital status of patients with hypertension in different potential classes were significant (P < 0.05). Among them, the smoking and drinking group were mainly men, aged 35~ years, and married people accounting for the largest proportion. In the excessive oil and salt group, women accounted for a larger proportion, and the patients aged ≥60 years old, and most of them were married, resigned or retired. The healthy lifestyle behavior group had the largest proportion of the people aged ≥60 years. The results are shown in Table 1.


Table 1. The characteristics of the three latent classes in patients with hypertension.

[image: Table 1]

We then used multiple logistic to further explore the relationship between the demographic factors and potential classes (Table 2). Three lifestyle behavior classes were used as dependent variables, and the healthy lifestyle behaviors group was used as the control group. Every factor was used as an independent variable to be included in the multivariate logistic regression analysis. The results showed that male, 35~ year-old patients with hypertension were more likely to belong to the smoking and drinking group, while female, married, and 35~ year-old patients with hypertension were more likely to belong to the excessive edible oil and salt intake group. It can be seen that 35~ year-old patients with hypertension also have unhealthy lifestyle behaviors such as smoking, drinking, and intake of too much edible oil and salt.


Table 2. Multiple logistic regression analysis of potential classes of health behaviors.
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Awareness Rate and Control Rate of Hypertension in the Three Latent Class

The awareness rates of hypertension in the three potential classes were significant (P < 0.001), as shown in Table 3. The results showed that the awareness and control rates of the healthy lifestyle behaviors group were higher than those of both the smoking and drinking group and excessive edible oil and salt intake group.


Table 3. Comparison of three potential category classes.
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Prevalence of Cardiovascular Diseases in Three Latent Classes

The differences in the prevalence of stroke among the three potential classes were significant, although the differences in the prevalence of myocardial infarction and coronary heart disease among the three potential classes were not significant (Table 3). Moreover, the prevalence of stroke in the smoking and drinking group was higher than that in the healthy lifestyle behavior group, although the incidence rate of stroke in the oil and the salt excess group was lower than that in the healthy lifestyle behaviors group (P < 0.05).




DISCUSSION

This study found that the prevalence rate of hypertension in Taiyuan City was 19.5%, which was lower than that of China's 2012–2015 result of hypertension (27.9%) for residents aged ≥18 years. This may be related to the population's age composition and regional differences. The awareness rate of hypertension in Taiyuan City was 58.36%, slightly higher than in China (51.6%) in 2015. Patients with grade 1 mild hypertension accounted for the largest proportion of the patients with hypertension, so such patients should be the primary target of government intervention for chronic diseases. Through health promotion, one-and two-degree preventive measures may avert mild hypertension from transforming into severe hypertension and avoid the occurrence of cardiovascular events caused by hypertension (26). The study showed that there were evident classification features in lifestyle behaviors of patients with hypertension, which provided new evidence for behavioral interventions for patients with hypertension and chronic diseases. The study's finding was similar to those of Ghanbari and Jahangiry (21) who found significant differences in the risk behavior of patients with hypertension.

The innovation of this study lies in the application of the LCA in the analysis of hypertension population characteristics. Numerous studies have proved the importance of smoking, drinking, exercise, and other factors for the prevention and control of hypertension from the perspective of lifestyle by using traditional statistical methods. The clustering method was used to explore the life behavior characteristics of patients with hypertension. We found that after a series of health guidance measures, the effects of insufficient exercise, insufficient intake of fruits and vegetables, smoking and drinking on hypertension have decreased significantly. What should be of concern is the excessive consumption of oil and salt. This may bring new inspiration for the prevention and control of chronic diseases.

Through the Latent Class Analysis, from the perspective of lifestyle behaviors, we classified the patients with hypertension in the following groups: smoking and drinking (13.4%), excessive oil and salt intake (68.2%), and healthy lifestyle behaviors (18.4%). We compared the incidence of cardiovascular events among the three potential categories to understand the relationship between lifestyle behaviors and cardiovascular disease. Only the difference in the prevalence of stroke among the three potential classes was significant in this study, and epidemiological studies have shown the reliable relationship between dietary factors and cardiovascular morbidity and mortality (27, 28). Generally, the evidence of lifestyle having the potential role is very strong to prevent, treat, and even reverse the prevalence of cardiovascular diseases (29). Therefore, attention should be paid to intervene lifestyle in reducing the incidence of cardiovascular events and formulate appropriate intervention measures to reduce the incidence of complications in patients with hypertension. From the conditional probabilities of the nine items, it can be seen that all people with high blood pressure tend to respond positively with “yes” to sports and the frequent consumption of vegetables and fruits. This shows that people are increasingly aware of the importance of vegetables, fruits, and exercise in the prevention of chronic diseases. However, the study found that smoking and drinking remain important health hazard behaviors for people with high blood pressure, and it was found that men aged 35~ years were most likely to classify into the smoking and drinking group. Among the 6,823 people, the smoking rate was 17.73%, lower than that of Chinese adults (26.6%) in 2018 (29). Since 2003, various tobacco control policies formulated by the Chinese government have led to a decline in smoking rates, and publicity on the harms of tobacco and alcohol has also made the public aware of the health damage caused by smoking and drinking. The findings in this study suggested that although smoking and drinking played relatively less role in patients with hypertension, a series of policies were still needed for health promotion to reduce the health damage caused by poor smoking and drinking behaviors in patients with hypertension (30, 31).

Unexpectedly, the majority of the total patients belonged to the excessive edible oil and salt intake group. Our results also showed that married and middle-aged women were more likely to belong to this group. Given that the importance of married women in the development of the whole family's eating habits, it is crucial for interfering with women's cooking habits to prevent and control cardiovascular diseases. The daily salt intake in most countries is ~9–12 g, which is significantly higher than the World Health Organization's (WHO) recommended level of <5 g of salt per day (32). A research showed that the intake level of adult residents in China remains high, and the average salt intake was (9.6 ± 0.3) g/d (33). The WHO recommends that the daily intake of cooking oil for adults be 25–30 g. Cooking oil with a high saturated fat content is associated with a higher risk of developing cardiovascular disease (34). Our study found that while people pay attention to the benefits of eating fruits and vegetables for the prevention of chronic diseases, they ignore the more serious harm caused by excessive intake of salt and fat in the diet for cardiovascular disease.

Excessive oil and salt intake may be related to the unique eating habits of Chinese people. According to the 2021 Scientific Research Report of dietary guidelines for Chinese residents, dietary imbalance has become a major risk factor for the occurrence of chronic diseases, excessive oil, and salt intake is a common phenomenon in Chinese. Tan et al. (35) found that the median salt content of Chinese soy sauce is 4.4 times higher on average compared with similar British products (2015–2017). Only 13.4% of Chinese products meet the UK's 2017 salt target. Tian et al. (34) compared the current state of the Chinese adult diet with the deviation of the 2016 China Diet Pagoda (CFP), and the results showed that the average consumption of edible oil and salt was obviously higher than the upper limit of CFP 2016 (both P < 0.05). In particular, more than 50% of people overconsume cooking oil and salt.

Epidemiological studies have shown that there was a reliable relationship between dietary factors and cardiovascular morbidity and mortality (36). Intervention studies for healthy or high-risk populations have confirmed that diet control can improve modifiable risk factors for cardiovascular disease (37, 38) and reduce the incidence of cardiovascular events (39, 40). In the study of diet patterns, the Diet Method to Stop High Blood Pressure (DASH) model based on foods with low saturated fat content, polyunsaturated fat content, and low cholesterol content were recognized by the health organization as an effective diet for blood pressure control (41). Moreover, the dietary habits of Mediterranean countries have also been proven to extend their lives and prevent cardiovascular disease. This eating habit commonly includes regular consumption of fruits, vegetables, fish, beans, and the use of olive oil as cooking oil (42). Nutraceuticals is also seen as an unconventional method for treatment of dyslipidemia. Nutraceuticals and functional food ingredients that are beneficial to vascular health may represent useful compounds that are able to reduce overall cardiovascular risks induced by dyslipidaemia through parallel actions to statins or as adjuvants in case of failure or in situations where statins cannot be used (43). For instance, Izzo et al. found amelioration in calculated Framingham Risk Score sin patients suffering from metabolic syndrome and undergoing nutraceutical administration (44). Furthermore, Gunathilake et al. demonstrated that a poly-phenol-rich fruit-based functional beverage was able to significantly lower liver cholesterol and total and non-HDL-cholesterol levels in spontaneously hypertensive rats fed a cholesterol-rich diet (45).

Therefore, advocating the traditional Mediterranean diet and DASH diet is an important breakthrough for patients with hypertension. This diet mode can meet the nutritional needs of hypertensive patients and meet the requirements for preventing cardiovascular disease (46). To promote the effectiveness of dietary interventions, it is feasible to establish a multidisciplinary team composed of interdisciplinary experts who implement healthy lifestyle interventions (47). The cooperation of general practitioners, dietitians, health managers, and other teams in the community can effectively guide residents on healthy diets (48). Smartphones and the Internet can also be used to provide digital dietary intervention measures to significantly improve the health of residents (49).

Finally, by comparing the awareness and control rates of hypertension patients in the three potential classes, we found that whether it is awareness or control, the behavioral health group was higher than the other two relatively unhealthy categories. The awareness and control rates reflected the degree of patients with hypertension, understanding of their disease, and their willingness to take active measures to cope with hypertension, which was of great significance for effective hypertension control (50). From 2014 to 2017, Lu and Lu et al. conducted a population screening project for adults aged 35–75 years in 31 provinces in China, which showed that among the 1,738,886 people who participated in the survey, the awareness and control of hypertension rates were 36.0 and 5.7%, respectively (51). Understanding hypertension prevalence was conducive to the management and intervention of patients with a higher level of lifestyle behaviors. Therefore, there is an urgent need for comprehensive national strategies such as health education, free blood pressure screening, and improved access to affordable drugs to improve the prevention and control of hypertension in China (52). Focusing on people with unhealthy behaviors and taking them as the main subjects of hypertension-related knowledge publicity and intervention are recommended to improve the awareness and control rate of hypertension and reduce the risk of cardiovascular disease.

This study also had certain limitations. First, it was a cross-sectional study that only covered lifestyle behaviors of patients with hypertension during a certain period. We could not establish temporality. Reduction of edible salt and oil was often indicated in the treatment of certain chronic conditions such as hypertension and diabetes, but we were unable to account for potential dietary modifications made by these individuals due to the cross-sectional design of the study. Furthermore, our main measures of salt and oil were derived via 24 h dietary recall, which was subject to measurement error (27).To better verify the study's results, follow-up or cohort studies are required at a later stage. Another potential limitation was that dietary sodium intake was estimated by using 24-h recall. The best method to measure sodium intake in human subjects is 24-h urinary sodium excretion. However, it is not feasible to measure 24-h urinary sodium excretion with a large number of human subjects. Therefore, 24-h dietary recall and food-frequency questionnaire were the two methods considered to be the most cost-effective and feasible replacements for 24-h urinary sodium excretion for research done using a large number of human subjects. Even though these two methods have been used in previous human studies (22, 53, 54).



CONCLUSION

The lifestyle behaviors of patients with hypertension have evident classification characteristics. Approximately two-thirds of the patients with hypertension have an excessive intake of oil and salt. Therefore, smoking, drinking, and an unhealthy diet, especially excessive intake of edible oil and salt, should be the current focus of interventions for people with hypertension, which provides a new idea for the implementation of an accurate and effective hypertension intervention strategy.
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